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Sila pastikan bahawa kertas peperiksaan ini mengandungi TUJUH muka surat dan DUA
muka surat LAMPIRAN yang bercetak sebelum anda memulakan peperiksaan ini.
Kertas soalan ini mengandungi ENAM soalan.
Jawab LIMA soalan.
Mulakan jawapan anda untuk setiap soaran pada muka surat yang baru.
Agihan markah bagi setiap soalan-diberikan di sudut sebelah kanan soalan berkenaan.
Jawab semua soalan dalam bahasa Malaysia atau bahasa lnggeris atau kombinasi
kedua-duanya.
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Satu transistor pnp mempunyai lebar tapak efektif 10 pm dan
Ic :0.5 mA . Jika kapasitan susutan pemancar-tapak adalah 2 pF dalam
kawasan pincang ke depan dan adalah tetap, kira frekuensi peralihan
tAtz
peranti tersebut. Diberikan ,r = ]p. Abaikan kapasitan pengumpul-2Dp
tapak. Koefisien resapan bagi pembawa minoriti dalam tapak ialah
B cm'f s dan voltan setara suhu atau voltan terma ialah 26 mV.
A pnp transistor has an effective base width of 10 pm and lg = 0.5 mA . /f
the emitter-base depletion capacitance is 2 pF in the forward-bias region
and ,s constant, c.alculate the device transition frequency. Given
lu.t2
rF = + . Negtect the collector-base capacitance. Diffusion coefficient of' 2Do
minority carrier in the base is t3 cm'f s and temperature equivalent
voltage or thermal voltage is 26 mV.
(b) Lukis litar setara isyarat kecil satu BJT dengan mengabaikan rintangan
pengumpul-tapak, rt,, dan rintangan siri pemancai, rex. Tunjukkan
-2-
(a)1.
bahawa gandaan arus ac ialah B(ld= '. ,=r^ 
= 
, dan frekuensijatlCo +Cu)
gandaan uniti adalah 8mC- + C,,
Draw the small signal equivalent circuit of a BJT by ignoring the collector-
base resistance, ru, and emitter lead series resistance, rrr. Show that
the ac current gain is u(td= 
*tiC) and the unity gain frequency
is 
"fr
8m
Co +Co
f, =J-2n
2x
(20 marks)
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2. Pengikut pemancar dalam Rajah 1 digunakan untuk menyambungkan satu
sumber ac yang mempunyai R,,, =l0kCl kepada satu beban R, =lkcl.
Transistor dipincang pada | = SmA, menggunakan perintang R, = 40kO, dan
mempunyaigu =9, =100, VA =100V dan Vn = 26 mV. Tentukan
v
Rib, Rin, Au =;l O* Rout. Anggap bahawa kapasitor gandingan C., d* C.,
slg
adalah litar pintas pada frekuensi operasi. Anggap r, adalah finit dan harus
dipertimbangkan semasa membuat pengiraan. Lukis dan gunakan litar setara
isyarat kecil hibrid-lr semasa menentukan nilai-nilai ini.
The emitter follower in Figure 1 is-to connect an ac source wffi R,,, = 10kf) fo a
load R, = lkO . The transistor r's brased at I = SmA, utilizes a resistanc.e
R, :40kO , and has Fo = P" = 100, Ve = 100V and V6 = 26 mV.
VFind Rib, Rin, Au =;l *O Rou' Assume that the coupling capacitors
slg
C^ and C^^are shorted at the frequency of operation. Assume r" is finite andcr c2
should be taken into consideration in the calculation. Draw and use the hybrid-n
small-signal equivalent circuit in determining these values.
(20 marks)
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Rajah 1
Figure 1
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Pertimbangkan litar dalam Rajah 2. Kirakan
litar adalah dalam keadaan berikut:
k'(W/L) = I nrA lY'.Kirakan juga gm dao re .
IEEE 24U
Vou , Vor, Vo , V, , dan Vo jika
Ve = 75 V, V* :1.5 V dan
Consider the circuit in Figure 2. Calculat@ Vou , Vo, , Vo , V, , and V" if the circuit
is under the following conditions: Vo = 75 V, V,r, = 1.5 V and
k'(W/L): I rnA lY'. Calculate also Em afld ro.
15 kO
+2.5V
Ql
-2.5 V
4.7 MO 0.5mA
Rajah 2
Figure 2
(20 marks)
+10V
-10v
...51-
aEEE241l
Diberikan VDD:3V dan IREF =100pA, anda dikehendaki merekabentuk satu
litar seperti dalam Rajah 3 bagi mendapatkan arus keluaran 100pA. Kirakan R
jikaQ, O*Qzadalah sepadan dan mempunyai panjang saluran lpm, lebar
saluranl0pm, Vth = 0.7V dan k'= 200pA lv2 aimana p' : Pn9o* . Apakah nilai
terendah yang boleh bagr V"? Menganggap bahawa bagi teknologi proses ini
voltan Early ialah vR = 20v ' kirakan rintangan keluaran sumber arus ini.
Tentukan juga perubahan pada arus keluaran jika berlaku perubahan sebanyak
+1Y pada V".
Given VDD = 3Y and using IREF = l00pA , it is required to design the circuit of
Figure 3 to obtain an output current whose nominal value ts l00pA . Find R if
Q1 and Q2are matched and have channel lengths of lpm , channel widths of
10pm, Vtt = 0.7V and k'= 200pAi V2 where p' = 
Pn9o* What is the lowest
possrb/e value of Vo ? Assuming that for this process technology the Early
voltage VA = 20Y , find the output resistance of the cunent source. Also, find the
change in output current resulting from a +1V change in V".
Rajah 3
Figure 3
(20 marks)
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5. Pertimbangkan
Vcc = Vea = 10V,I :l mA,Rs =l00kf2,Rc =8kO,Ba" =100 dan Vuu =0'7V'
Consider the circuit of Figure 4 for the case
Vcc: Ver = 10V,I =lrnA,Re:100kC),Rc =8kf),p0" =100 and YBE=0'7Y '
(a) Lakukan analisa isyarat besar dan tentukan semua arus dc (iaitu
I.,Iu danlu) dan voltan di setiap terminal transistor (iaitu V",Vr dan
Vt)
Do large signal analysis and find all dc currents (i.e. Ir,Iu and I") and
vottage at each traisistor terminal (i e. V",V" and V, )'
(b) Lakukan analisa isyarat kecil dan tentukan nilai Re yang menyebabkan
R,n bersamaan 4 kali rintangan R,;u. R,ie = 5 kf), Rr- = 5 kf), 8" = 100
dan V,r' =26mY '
Do small signal analysis and find the value of RE that results in
Ri equals to 4 times the source - resisfance . R,ie'
Rsig = 5 kf), R. : 5 kO, B" = 100 and V* =26 mY '
(20 marks)
Vcc
Ccz
I
-Vre
-6-
litar dalam Rajah
Rajah 4
Figure 4
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Diberikan satu transistor MOS seperti yang ditunjukkan dalam Rajah 5. Lukis
model isyarat kecil bagi transistor tersebut. Anggap Vrb =Vd, = 0 , 9mb, ro, Cr6 dan
Cco boleh diabaikan. Buktikan bahawa
Given a MOS transistor as shown in Figure 5. Draw the small signal model of the
transistor. Assume Vrb =Vd, =0, qmb, fo, Csb and Can are ignored. Prove that
Crr+C16+Cra
Rajah 5
Figure 5
Bandingkan ungkapan di atas dengan ungkapan frekuensi gandaan uniti
bagi BJT.
Compare the above expression with the unity gain frequency expression
for the BJT.
(20 marks)
8m-l
lT 
-- 2n
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APPENDIX
A.I.I SUMMARY OF ACTIVE-DEVICE PARAMETERS
(o) npn Bipolor Tronsistor pqromefers
Quantity Formula
Large-Signal Forward-Active Operation
Collector current I" = Isexpfr
Small-Signal Forward-Active Operation
Tlansconductance
Transconductance-to-current ratio
Input resistance
Output resistance
. 
Collector-base resistance
Base-charging capacitance
Base-cmitter capacitance
Emitter-base junction depletion capacitance
Collector-base junction capacitance
- 
-qlc - Ic6n- kr - v;gnl
Is V7
rn:Ee
8n
,o=!= Irc rl8^
rp : ft.ro !o5p9ro
Cb, = TFgn
Co=Cr*CJ,
Cp 
-2Cia
Quantity Formula
Small-Signal Forward-Active Operation
Collector-substrate junction capacitance
Transition frequency
Effective transit time
Maximum gain
la C.o
""' - z--y'.P\'-v;)
f.: | 8^2nCo+C*
": # = rF**.*
Bmro=Y-! =!vT l,
IEEE 24U
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(b) NMOS Trqnsislor Porqmeters
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Quantity Formula
Large-Signal Operation
Drain current (active region)
Drain current (hiode region)
Threshold voltage
Threshold voltage parameter
Oxide capacitance
,'=+Y(vg,-v,)2
,t : +YI2vc, - v,)va, - va,,lt_ _]
Vt = Va+tLJzQr*V*- JzQrl
l-
Y = ;;J2seNt
co' = tfu = 3'45fFfr'm2 forr" I looA
Small-Signal Operation (Active Region)
Top-gate transconductance
Transconductance-to+urrent ratio
Body-effect transconductance
Channel-length modulation parameter
Output resistance
Effective channel length
Maximumgain
Source-body depletion capacitance
wg^ = ltCo,T(Vss - Vt) :
8^= 2Io Vos 
- 
V,
'f8n=,Jwt+ 18^=X8^I ldXa
A=-=--'- Vt Ln dVosI 
_ 
I.n I dxo t-tro:6=i;\ffi)
L"f : Iu.*n 
-2h-Xa1 2 ZVt'
Smro= lv"s-v,= vor-r,
Csm
LsD = 7--FTF{r+P)\ vol
2IpPC"ry
Quantity Formula
SmalLSignal Operation (Active Region)
,)
C* = ilALCo,
f*- 8^
2r(C*+Cga+Cgu)
prain-body depletion capacitanc e ' Cat : i 
C!! 
O.,It+i"t\ Pt/
Gate-source capacitance
Transition frequency

